abstract. the aim of our study is to present the decision model for selection of optimal combinations of modernization measures. the presented algorithm of decision synthesis method comprises method for integrated significance determination of efficiency indicators and multiple criteria decision methods. the paper also presents the case study illustrating the application of proposed model. as the alternative modernization measures can generate many alternative combinations the decision tree model was proposed as an efficient tool facilitating the analysis of big data and included in algorithm. three multiple criteria decision support methods based on quantitative measurements included in algorithm used to increase the reliability of the decision. the proposed algorithm is very suitable for evaluation of modernization decisions of the building and enables decision-maker to select the best performing alternative in terms of energy consumption, cost of instalment and other relevant criteria.
Introduction
the recast of Directive 2010/31/Eu on the Energy Performance of Buildings (EPBD 2010) introduces a European-wide definition of "nearly zero energy buildings" and indicates that the new buildings will have to be nearly zero energy buildings by 31st December 2020 with public buildings having to fulfil this standard two years earlier. nearly zero energy buildings are now defined in the ePBD as constructions that have "a very high energy performance". Directive encourages architects and planners to consider properly the optimal combination of improvements in energy efficiency and search for more sustainable solutions. the vision of sustainable building was discussed in the last decade (Gimenez et al. 2012; Wang, Adeli 2014; Žėkas et al. 2014; Kang 2015; Medineckiene et al. 2015 and others) pointing that a successful creation of sustainable infrastructure systems and environmentally conscious designs requires a holistic, integrated, and multidisciplinary approach.
the buildings sector is the largest energy-consuming sector, accounting for over one-third of final energy consumption globally and an equally important source of co 2 (carbon dioxide) emissions (iEa 2013) . trends of energy use in buildings are directly related to the renovation of energy supply infrastructure, new construction, refurbishment of old buildings, maintenance and replacement of heating, ventilation and cooling equipment. Yet, by far most energy is consumed not for construction but during the use the buildings. currently, space heating and cooling together with water heating are estimated to account for nearly 60% of global energy consumption in buildings. they therefore represent the largest opportunity to reduce buildings energy consumption and reduce co 2 emissions.
Poor thermal performance of building envelope during use has also influence on high-energy consumption for heating and high heating expenditures. the building envelope determines the amount of energy needed to heat and cool a building, and hence needs to be optimised to keep heating and cooling loads to a minimum. international Energy agency (iEa 2013) estimated that a highperformance building envelope in a cold climate requires just 20% to 30% of the energy required to heat the current average building. More than 40% of the savings expected in heating and cooling energy demand under a low-carbon scenario can be directly attributable to improvements in the building envelope.
Recent studies (Mahdavi, tahmasebi 2015; Martinaitis et al. 2015) revealed that occupants' behaviour significantly affects building energy consumption and have also be taken into account in predicting energy consumption of buildings even on design stage. Many studies reported that the assurance of comfortable indoor conditions is the main goal of the building modernization (Dzeng et al. 2015; aja et al. 2015; Friege, chappin 2014; Mjoernell et al. 2014) . the indoor climate has become a big concern due to more indoor time spending (Wang et al. 2011) . the thermal comfort parameters of the majority of old construction buildings do not meet the requirements of hygiene norms, and that is the one of the reasons why buildings need to be modernized. it is known that small temperature fluctuations cause the movement of air and very large temperature difference causes cold symptoms. it is necessary to avoid the peaks of temperature for the microclimate to be more comfortable. the ventilation is necessary in order to eliminate unpleasant odours and to reduce the accumulated moisture. the indoor humidity is also important, because if it exceeds 70% and if less than 40% the conditions are considered as negative. the installation of the additional thermal insulation allows saving energy for heating. Significant decrease in energy consumption could be achieved if the building before refurbishment was not insulated (ham, Golparvar-Fard 2015; Kim et al. 2009; lombera, Rojo 2010; Wong, Fan 2012) .
Although scientific community recently discusses the concept of ecological modernization (Bayulken, huisingh 2015 ) the developing countries with emerging economies are forced to short-sighted urban development models due to significant economic pressures. As a rule, the income of residents living in old apartment buildings is almost equal to the expenses for heating, and in some cases, the amount paid for heating exceeds the rent. then the state is obliged to cover the heating costs of socially supported residents with low-income level. in such situation the governments more likely to ignore ecological implications and inclined to give importance to the energy, social and economic aspects of modernization (Stankevičius et al. 2014) . therefore, the studies focusing on economic aspects of modernization are still relevant. Bearing in mind the financial constraints Bucoń and sobotka (2015) developed a decision-making model for choosing the repair solutions for the most costeffective scope supporting the decision-maker in multiple criteria building appraisal and the choice of the optimal repair solution. taking into account the aforementioned regional specifics, the authors raised the aim to find the most suitable decision model to evaluate the modernization alternatives in term of energy conservation and economic aspects. the paper presents the decision model for selection of alternative combinations of modernization measures and case study illustrating the application of proposed model.
The decision model
Decision-making based on the analysis of a number of problems or their synthesis often requires the integration of several problems into a coherent whole (Šarka et al. 2008) . the concept of synthesis in decision-making was used in number of researches (srdjevic, B., srdjevic, Z. 2013; simanaviciene et al. 2012; simanaviciene, ustinovichius 2012 and others) . Decision-making by using the methods of synthesis requires step-by-step selection of the most effective option from a generated set of alternatives. the decision model used for selection of alternative combinations of modernization measures in this study presented in Figure 1 .
First, building and energy experts perform the building audits and collect the data on existent condition of building. collected building data stored in database together with data on available construction materials, tech- Fig. 1 . the proposed decision model nologies, etc. after that, the experts select possible alternative measures for modernization taking into account the result of building energy audit, the state of building structures and specific problems found in exact building.
Experts together with building managers determine the criteria set for analysis of alternative modernization measures. on next step the experts, using pairwise comparison set the values and weights of criteria. Formation of alternative combinations of modernization measures were made with help of decision tree model (Fig. 2) . this model identifies the combinations of insulation options for the plinth, walls and roof. several options can be used in combination with each other. Multi-criteria evaluation of alternative combinations authors propose to perform by using syMaD-3 method, as it belongs to the group of synthesis methods and enables step-by-step selection of the most effective option from a generated set of alternatives. Decision tree generates many alternative combinations. to minimize the computing routine the analysis of building energy demand is performing for several alternatives from the priority order list. the analysis of building energy demand shows how the alternative combinations of modernization measures influence the energy consumption in exact building. Decision-maker selects the best performing alternative in terms of energy consumption, cost of instalment and other relevant criteria.
The set of criteria
Factors determining the necessity of public buildings refurbishment are related to the problems encountered in particular building. although the problems are unique to a particular case, the studies show often encountered ones: indoor temperature is too low or too high, the floor temperature is too low, relative humidity is too low or too high, indoor airflow is too high, carbon dioxide concentration in premises is too high, high energy consumption for heating, hot water and electricity production, high physical depreciation of building constructions, windows, doors, engineering systems, poor building external appearance. the criteria selected for the evaluation of public building modernization measures are defined in table 1.
Setting the values and weights of criteria. the weights of criteria are determined using pairwise comparison. numerical values of subjective criteria weights ( 1, ) j q j n = are determined by solving optimization task: 
(2) the information collected was systematized using pairwise comparison matrices and the weights for each building constructional part were set after the calculations were made and the criteria are ranked. the results are shown in table 3. A sufficient compatibility has been established, so the further calculations can be performed.
SyMaD-3 the synthesis method of modernization decisions for the building envelope
Decision-making is the process of defining the goals, determining possible alternatives, gathering information about relevant criteria and selecting the optimal alternatives. Making decision on basis of one criterion is unreliable, as real world problems are usually complicated due to diverse information on object under consideration and often conflicting aims of decision-makers. Finding the right decision for a complicated problem could be the challenge if appropriate tools are absent. there is opinion, that each model can be evaluated with help of multiple criteria methodology and, therefore, results could be more helpful and practical (Zolfani et al. 2015) . in this article the authors are applying a new multistage method: Synthesis of Multiple Attribute Decisions by three methods -SyMAD-3 (simanaviciene et al. 2012) . this method is addressed to combine multiple criteria decisions into a single solution. authors believe this method is very suitable for evaluation of modernization decisions of the building envelope. the presented algorithm comprises method for integrated significance determination of efficiency indicators and multiple criteria decision methods COPRAS (Zavadskas, Kaklauskas 1996) , TOPSIS (Yoon, hwang 1981) and SAW (churchman, ackoff 1954) . three multiple criteria decision support methods based on quantitative measurements used to increase the reliability of the decision. a multiple criteria complex proportional assessment of the projects method (COPRaS) (Zavadskas et al. 2004; Kaklauskas et al. 2005) . the significance and priority, examined using this method, directly and proportionally depends on the system of criteria that adequately characterizes the alternatives, efficiency indicators' values and their weights'. the experts determine the system of criteria and calculate the criteria values and the initial significances. the groups of interest (customer, consumer, etc.) according to their goals and opportunities may adjust all this information. therefore, alternative assessment results provide a detailed outline of the general original data of the experts and groups of interest:
the relative significance of the comparative options (efficiency) is determined by characterizing positive (project "plus") i S + and negative (project "minus") i S − features. the higher the i Q , the higher the project efficiency (prioritizing).
Technique for Order Preference by Similarity to Ideal Solution method (TOPSIS). Yoon and hwang (1981) developed the methodology based on the concept that the optimal alternative is at the minimum distance to the ideal solution and the greatest distance to the worst solution. this method is called the technique for order Preference by similarity to ideal solution method (toPsis). the relative distance of each (i) option to the ideal is determined:
here i L + is the distance between the comparative (i) and the ideal option. i L − is the distance between the comparative (i) and the worst option. the closer the i K value is to 1, the closer the (i) option is to + a , i.e. rational option will be the one that i K value is the highest. Simple additive Weighting (SaW) method. simple additive weighting (saW) is well known, the most simple and most widely applied. Maccrimmon (1968) presented principle rules of this method. the normalized values are multiplied by significances and summed when determining the rationality of the option. the maximum sum of products shows the rational option:
here ij x is normalized decision matrix. The SyMaD-3 method. the purpose of this method is multi-objective decision synthesis by using three multiple criteria decision methods (simanaviciene et al. 2012, 2014) . the multistage decision tree model (Fig. 2) represents the structure used for analysis of alternative solutions being on different stages of decision making process. the model represents a decision tree and uses the following notations:
-K ={k}, (k = 1, 2,…, c) is the set of stages in the decision analysis, k is the stage number; c is the number of stages; -m k (k = 1, 2, 3) is the number of decision tree nodes in each stage, determined depending on the number of the decision tables; -z = mc is the number of decision tree branches connecting the root node with the terminal node (leaf node), where mc is the number of the last decision tree branches. number of the branches is the number of the alternative combinations. By using the decision tree model and the required initial data the analysed alternatives can be grouped and ranked by selecting the appropriate algorithm. the algorithm of SyMAD-3 method consists of two stages.
Stage 1 is used to determine the object, the primary effectiveness of alternatives and to set the calculation data. there are six steps on this stage:
1. Determining the number of solution stages and creating a system of efficiency criteria for each stage k of the solution. K ={k}, (k = 1, 2, …, c) is the set of stages in the decision analysis, k is the stage number, c is the number of stages. in addition, decision tables for each stage of the solution are made, where m k is the number of decision tree nodes in each stage at the k stage determined depending on the number of the decision tables. using these data tables, decision matrices are constructed:
, 1, ; 1, ; 1,
here t is the number of the decision tables, t a is the number of alternatives in the t decision table and k n is the number of the efficiency criteria at the k stage.
2. Filling the matrices of pairwise comparison, used to determine the significance of efficiency criteria:
here E is the group of experts, p -the expert number, e p -the total number of experts. 3. setting the coherence of the pairwise comparison. the degree of compatibility S is calculated for every matrix:
here I S is the matrix compatibility index, A S is average of the random index. if S < 0.1 matrix compatibility is sufficient and matrix is used to determine the significance, if not, matrix data are not used for further calculations (saaty 1994).
4. Determining the significance of criteria for the k stage. the values of integrated significance kj q ,
are calculated using the matrixes of pairwise comparison filled by experts and processed using the method of least squares. the compatibility of experts' opinions on the significance of criteria is checked by calculating the coefficient of concordance. if the compatibility of experts' opinions is sufficient, the integrated significance
are calculating. if the expert opinions' compatibility is insufficient, experts' group composition is reconsidered. the calculations are repeated with the data obtained from renewed expert group. 5. the rationality of alternatives is being determined by three methods: toPsis, saW, coPRas, using the earlier formed decision matrixes
and values of integrated significance
6. after performing the calculations by all three methods, the results are presented in the form of relative importance:
Stage 2 is used to form the alternative combinations and evaluate their rationality. the alternative combinations , 1, s B s z = are created from the alternatives composed at the first stage using the decision tree model and presented in decision tables k A . this stage consists of the following three steps:
1. alternative combinations can be presented as a vector: 
2. the obtained alternative combinations are recorded into decision table (table 2) and this data will be used for further calculations. 
here mt is the number of the used methods (in our case mt = 3), k -stage number, 
here M r is the number of the used methods.
a set of criteria { }, 1, 2,..., l R R l k mt = = × required to evaluate the alternatives presented in the matrix Y is made. the optimal value of these criteria are maximum and their significance values are the same, since they are affected neither by subjective nor objective factors. the significance values of criteria have to satisfy the following condition:
here k is the number of stages and mt is the number of methods. after evaluating the effectiveness of the alternative combinations by each of above mentioned methods, their values and ranks are presented in a table.
the described method can be used for various multistage, multi-objective decision-making challenges where information on alternatives is given in the quantitative form. in this case, the syMaD-3 method is used for the analysis and synthesis of replacement solutions for external walls, roof, plinth insulation and windows.
Case study

Description of the object
the building of vaidotai railway station was built in 1980. it has 2,168.00 m 2 of total area and the five floors. the heating of building was provided by a local gas boiler located in the basement. the roof is superposed, covered with the membrane. the existing roof structure formed from aerated concrete 200 mm on the reinforced concrete floor slab. the building exterior walls are built of 510 mm silicate bricks, inside surface is plastered and painted. Building audit determined the 25% physical depreciation of building. the finishing of the walls and ceilings is worn out. the facade has visible cracks of 1.0-1.4 mm. the ventilation chimneys' tinning is worn out. Mechanical condition of the floors and the foundation is satisfactory. the basement aboveground wall (plinth) is constructed of 400 mm thick reinforced concrete blocks. the finishing of plinth is in several places crumbled, has visible cracks of 0.7-0.9 mm. Building experts recommended to install the heat insulating layer and a rolled covering on the roof during the repair works. the tinning works of the worn out chimneys must be performed. the building examination showed that the structural condition of the exterior walls of the building is in satisfactory condition. it is recommended to restore the masonry walls and parapet tinning, to install the insulation and the exterior finishing layer. it is also proposed to insulate the plinth and to install the exterior finishing layer. experts recommended replacement of the windows and doors.
Data analysis and optimization
Possible modernization measures were considered taking into account the results of building audit and recommendations provided by experts. the multistage decision model is compiled, taking into account the basement aboveground wall (plinth), exterior walls and roof insulation options. Four insulation options for each element were considered. two replacement options for windows were selected.
all modernization measures (the plinth, walls and roof) are characterized by the equal set of criteria. all alternative combinations of plinths, walls and roofs were assessed taking into account those criteria. the values of criteria characterizing the alternative measures are presented in table 3. at the beginning, alternative measures were evaluated separately, using the toPsis, saW and coPRas methods. then the results were moved into new decision matrix and the evaluation of alternative combinations of modernization measures is performed using same methods. intermediate results, obtained after the first iteration by applying the calculation algorithm, are presented in table 4. the 64 alternative combinations of measures were comprised on the basis of intermediate results (table 5). calculation results show that the rational combination is B38, which consists of 3 rd plinth, 2 nd wall and 2 nd roof options.
The building energy demand analysis
taking into account the above presented roof, walls and plinth insulation decisions and in order to achieve characteristics of the low energy building, the building engineering systems were analysed additionally. these calculations are carried out using the Passive House Planning Package, hereinafter -PhPP.
As air infiltration is relatively small in airtight low energy building, a mechanical ventilation system should be installed, in order to ensure comfortable indoor conditions. the most important part of the ventilation system is an exchanger with the efficiency ratio not less than 0.8. so the ventilation system with heat recovery was considered with the efficiency of at least 0.8 and the ventilation system fan power use shall less than 0.75 Wh/m 3 . the building tightness should not exceed 0.6 h -1 , so for the building to meet the low energy building standard the 0.52 h -1 value is accepted. additional measures reducing the overheating of the building in the summer time were considered. the 19.2% probability that the indoor temperature to be higher than +25 °c in summer is obtained assessing all the input data. this problem can be solved by installing the blinds on the eastern, southern and western windows that would cover 50% of the glazing.
the heating system pipeline design features, as well as the temperature of the rooms, through which these pipelines run, and other data are entered. the heating system and water pipeline heat losses were calculated. the condensing gas boiler of 85 kW capacity, which will provide hot water and will perform additional functions of the heating system, was selected at the building owner's request.
the quantity of electrical appliances is counted: lamps, office equipment and other devices. taking into account the purpose of the premises the comfortable lighting is selected.
the initial data was entered into input data window (Fig. 3) . the program calculates all the energy used in the building. it is also applies a certain rate for each different type of energy and recalculate the actual amount of energy into primary annual energy demand.
Finally, the energy demand for space heating is obtained and assessed whether the foreseen modernization measures allow reaching the characteristics of the low energy building. Final evaluation of the selected building modernization measures using the PhPP program is shown in Figure 4 . Conclusions the aim of our study was to present the decision model for selection of optimal combinations of modernization measures. to analyse the building modernization measures and to form all possible combinations of these measures the decision tree model was applied. the presented algorithm of decision synthesis method comprises method for integrated significance determination of efficiency indicators and multiple criteria decision methods. three multiple criteria decision support methods based on quantitative measurements used to increase the reliability of the decision.
this study has some limitations that should be pointed out. Decision tree generates many alternative combinations. to minimize the computing routine the analysis of building energy demand was performed at the final stage of analysis and only for several alternatives from the priority order list received after assessment of so called "passive" modernization measures (insulation solutions for building envelope and windows replacement). the analysis of possible alternative building engineering systems was not included in our case study. the only one of accordingly ventilation, heating, cooling and shading systems was considered for all combinations. as such, future research could consider the inclusion of different alternatives of building engineering systems and extension of decision model with new subsystems enabling the fast processing of big data. such analysis will show more precisely how the alternative combinations of "passive" modernization measures together with "active" measures influence the energy consumption in exact building.
Despite these limitations, our study makes some important contributions to existing research. our results show that methods of synthesis, like syMaD-3 method, could be successfully applied for step-by-step selection of the most effective option from a generated set of alternatives. the syMaD-3 method can be used for various multistage, multi-objective decision-making challenges where information on alternatives is given in the quantitative form. our results also have some implications for building owners and building managers. authors believe that this method is very suitable for evaluation of modernization decisions of the building and enables decision-maker to select the best performing alternative in terms of energy consumption, cost of instalment and other relevant criteria.
the successful creation of sustainable building, infrastructure systems and environmentally conscious designs requires a holistic, integrated, and multidisciplinary approach. therefore, the special emphasis should be given to collaborative approaches. in the building design, operation and maintenance, and especially in the modernization processes, the cooperation of architects, engineers and experts of construction technology is very important.
